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ABSTRACT

Exogenous nucleotides were found to protcct mammalian cells troni

Pseudornonas (PE) and di plt tlieria (DE) cxotoxins. The protection was

dose—dependent and required the s i m u l t a n e o u s  presence of nu c l e o t i d e

during toxin chal lenge .  Protection from DE was proportional to the

number of phospha tes  in the n u cle o t i d es , exhibited  base spec:i.fic ty~

and r e q uir e d  :~~i i at a c t  nuclcci t i.de fo r  ful ] .  expr ~~o~;i on . P r o te c t i o n

f rom PE seemed to require  onl y phos~ 1~a 1 e ol. igcm c’ r a .  NeiL ou r

p ito : ~hory ln t ion  nor i n te r f e r e n c e  w it i ,  t l : e  ( i rt r  r e el lu l a r )  Cflryi,i:i t ic

act iv i t iCff ;  of the  to i~~s appuere d  to sied i r ~te  tb: 
~

. otc-’ction . It

was conc ludio~ tho  t c~:og 0 0 1 f f - , nucico Li 1 o. -: b ]_ oe k t 1:1 at IClj 1II~’f~~ ou

L I-f l : : ]  ~~.a t i o ~ r • :gn .. o f ~ox ie : i t . icr ’

-~~

~ F , ~~~~~~~~~~~~~ .. ...~~~
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Corynebac ter lum ~~~~l1~~~I~Ie , the causa t ive  organism of d i p h t h e r i a ,

produces a sing le exotoxln  (i)E) which •is believed to be responsib le  for

the severe symptoms of the d i sease .  DE is lethal for  several anima l

species and cy tot ox ic  for  a va r i e ty  of c u l t u r e d  mammal ian  cel ls (5 , 9 ,

21). Cell culture studies ind i cate that tile pr imary event leading to

cytotoxi.city is a toxin—induced inh ib i t ion  of protein Sy n t he s I s .

Inh ib i t i on  appears to r e s u l t  f rom toxin—cat al yzed i na c t i v a t i on  of an

intra  ‘ d m 1  nr dli Z~~ i 10  n e c e s s a ry  for  pro t  cia r y n t h c f a  a , el m~;a L i  on

f ac to r  2 (EF—2) (5 , 9 , 2 1) .

Poe ‘~ (‘ii” , f : f l ( . ’ r f I O i I O f : a  a oh !qu I t o u r , ne:n:a l L y l er m i c a s  b.~r : c r~ i . . :

which  con produce .1 i. f c — t ’ h ~’ea t c a Lu ~ in f e o t . i (~- i1~ pa I. i i t S  \ ? i  L i i  I r: .j’a’ ” : ” 0, 1

inmiune f u n ct i o n  (1 ,) ) .  Un ]  ike C. di  ‘ b t  l R ’ i  Od . P. 0( 1 13 ‘ I ’ ’ f f ’ ”

several cy 0 1:: .i :a~~:n J o  r x t r a  cUe]  or p11 
- u t  0 (1~~) . ~~~~~ r o y  , i , . ’ce is

in c  re: i’ cv~ ( i ( ~~~~ t I:  at  on , ,’ of L I i t ’ : e  , Cr t or a A ( I ’ ~.) p~ :3V::  0

pa :’t i c - I I l r a ) , i. i .: j ’a ”  L Ol l, 3. 010 31 ) t 1 i~ i I : f ’,_ ’c ’ l t~~ 1a ’ t  110 ’ ’ ‘ ( 0 ~~~~ . 1 ’ - ‘ ‘ : :

PH is pl ’ O ’ i l O C d  b~ L . ’~~t C 1 , !I : L C r . 1 J : , C  i~~l . -~: ~~ 2/~) ,  :‘~~~~
‘ 0: 1: h i  3:: ’:’:’

p 1:-Of ] J ai C’:’  ii ii I I  00 (] 6 , 2 2 )  ~~1f ” Lct .  I I  1 ía r ociy ci’ : ]  ,,a: J r .  1. s~~: c ‘ 1- : :

(1/ , 15 , 23) . ‘l’iie por t  t h a t  Po I l l  ii l : ; p ’ ( 1 0 1 1)  1 -y O L k .

l : i : In f l r i 1 1 ~ c 1 s ( H ? )  , fol .ioc ,1 1 -y 0 d L a . k 0 S t  i ’~~t a~ I I i .  h : 1. 0 1

e i izy~. . - t f t  A h ’ -~ ’ I I  :~~~in tH1ip ; : LL ! \ ’ ~~~ty  r- ~ l . : l ’  1 3 ’  Li- I H 1~ ? (11)

ra ised 1.1) : 
~
‘, ( : 3 ; : ;  1) 1 _ : I ft : ft . -I: 1, ‘ )  to;: f r  ,; , , 1 : ‘

~ .: C , : .;) :  ‘ F:

of c t,i l 1111.:. ’ l n tC , : ,  O a t  :0 :1.  i? U ( -  3 0 3 : -  - ‘ t  ( ‘\  i,~ ‘ -~~ ‘ ‘ i : ]  1 O ; ~~ CO t h a t  3 , 3 3 : ? ;

is i C I  I La c u r ’  ~d i i  I . I ,“ si or . i . ’’’o i t i c  or  ‘ v ‘ t ( f i ~~ V I .

and 1fF (‘ i l - . ’ l (( IW d :  I f a ’  ft ha a ( ro ’ a l i  ‘ ,,‘ b : ’n H a - , :: ol ) ; , l , o x I ’ a t  1

(if , it).

k: i t  ‘ ‘i ’ I hc ’i ’ h i - i L c x a ~y ’r 3 ’ :  n u c l e o l  i l - i :  p 1 : - t o o L  e e l ]  s

1 1)0 3 3 0 1  0 3 : ;  ( 1 ’ l a - I ll P : 3 : 1 :  ift . / I L l ) , ; : ,- i ’  I I , ,’ ( ‘l( , ) l, I(’ I  (‘  01 ( ‘5 of ’

pt O~ I I  1 ‘~ [I  ( ‘I I ( ‘ .~ 
ft I ‘ > :  I I  ;~~ a’ 0 f H ‘ ‘ I i  , ( 0 . ’ 1’ :  ‘ I I  1 0 : 0
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— consistent with the view that the attachment or internalization

stages of PE and DE intoxication are perturbed by nucleotIdes.

This observation may provid e a future probe into the mechanism by

which 1)0th toxins enter th e cell .
-‘

- .0 ? r 
:~~

‘ T h ’  :‘—

I l, ’ft f
~~~~~~~~~~~~~~ ~~~~~~~~~~~ --- ‘-.. “-‘

NAT ER] . / 1.S AND 1-IE TI-It ID S

C e ll s  and cc - i l .  c u l t u r e .  Seed s tock  fo r  a l l  cel l  h u e s  was ob t a i ned

from t i c  American Type C u l t u re  C o l l e c t  L a  (ATCC ) , Roekvi]  le , N d.  Each

l ine \ : : l f - 1  ~f nt :; ttic ’ci in 7 5 — c m 2 T — f ] n s l z s  (Co at a  r #3075)  11th the  me d i u m

and searo supp lc - i - ;ca t  i,’ c co:n ’ :c ’nd c . j  l ,y ATCC

Mc ’d:i o a : d  ‘:era . All m - d J ’ : , vi t r :10 i1 ’r , ar t - l n o t i c f - :  and a m i n o  ; c ’ds

were oh t a i r i c-, 1 f ro . Cr’oi- ,l I s l an d  J : i o] op l C f l l .  C o r p - ’.i ’t y,  Grand  T o ?  :-a:? N . ’ )

H ot :- . cnl . f se r um )  uo~s ; ‘ : l I c i I n r - 1  f rc - ,,I  1 1 3 - I ; ;  i s  ( i i r . : ( j C O]  ( ‘ ‘. : : - I ’ ,r’ \’ , i ’ -oc - u ~~: ,

A r i z .  ‘1110  f ; e r f ’ i , (  3 : 0  ]a ’r t ~~i. n - ’ - a 1  ~~‘: Led  f c e  30 lil a : 1  b ( ” c; h c I o l I ’ 13 ) ,

II) cell  C : ; ]  t u r e ,
a

Thu i n ’  . P. n’ - ’ - ’ i l ? ’ i Oa” : i , : : I r a i n  PAlO? ; , i-u~a ~b L a a i t ’, l ha ’’ ;  P. \ .  1.111 .

P.  f l a : : -  1a 3s ; :  c’: c ’ t c ’ u i ,  A \- ;au pl ’ ’ d ; 30Ca 7 : lfld puc f l i d  P tH1- ~~ i l e : I  1 3 :  0

of 1, 11 I s  T n - : t , i  t’ i i t t -  ( .1/ : ) .  i L ’  I i r : 1  p r o d u 3 ’ f t - l i ; a  :- a s:: ‘: f ’. H ’ p l a j’ :~ l ’. - op t i C-

o 1 6 L~, 0;~~. 1ft11, - i # . ,  c o l l t ’ : i. i f - :  no i;: : t . ’. u r l — l c  ( : a3 ’ l  d ; :, ’ ;’ , : L  O f ~~ 3 3 ’  1’ ; . )  1 1 1 0 3 1

95Z h0 - 0  j U .~~, . ‘ ‘ )d . l ’ f ’  (‘ ( 3 : 1 ’  - ‘y ? 0111 1 : 1  e , p ’ ]  :‘; l’y 0 (C-

t ’ l t ’ c l r, lu ,’ : : i:, , 110, I ‘~~ I i ; ,: 
~~~

:; f i c ’  l o:- : :n : t  70 ° C f o r  I h (‘c ’ l ’ l c t o ? v

de ati ’:’’ :. t I  r y h ( ’ t O f l i C  ~~
, t i V i l . ’,’ . ‘‘ i a a 1 ; 0 f  L ft .1 a (LI ’

0 ’) a l  I t

per I C  .~ C ‘ 1 l l ’ 1 . . 1: ’ :  1 ’ 1 . 0 3 : 0 . 1 ;~t/20— :- Ct 1 1 3 3 1 :  . 1, ’ : : ,  ‘‘01’ 1 i \ ‘ O t  c 1’’

1(31 1’ i L l  ;y I a t  I OF) C’ :  1 -  i . , ’: a t s b y o p r ( ’v ( 1 ) 0 1 V ci ‘ a;  ‘ 1’ -
‘ : 1  1 10? (1 ‘~ 

)

DE ~ ‘:~~ : ( 1 1 0 : 1 , ’ ~1 ~~
I ’
~~’~i - C ; i1 ’, 3 O ! i 1 ’ , ? . f  1, ;: l ’ a ( ; l ’,, IIl’ i’ ’ : , ,  3 , 3 3  a l ’ , ; ’  1 p a  l i f t _ I

by r i t i ’  a ’l 1 t :l ’ ; 1 l r ,’ a ’ - , I)E- I i t , P - l I .1 . ‘ 1 , l - : t ’x  :30 , 1 1, - r d :  0 1 : lp : ’ t  I t o .

Thu f i l l : ’  1 p~ al ‘ i , - t :  3. ’ :, : ; I 1( 1 1 :1 1 n
~ ~~ I I I  1- I 1 1  c t - i  I c i i  t ar ’ . j ’ ~ 

1’ ‘ 01
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froi . p u r i f ie d  1)E (23 !ILD/j 1) supplied by Dr .  A. M. Pappenhe i.mcr , J r . ,

Harvard  U n i v e r s i t y .  DE fragment A Wil l ; p rpp ar ed  by a p r ev ious l y

publ ished method (8) .  Toxin c O n c ent r a t i o ns  were d e t e r m i n e d  u~:ing

e x t i n c t i o n  c oe f f i c i e n t s  (E~~ cm) at 280 nm of 10.5 and 1.1.9 for  PE

and DE, respect iv e l y .

Ch e u i c ; i l  a . (.?i , i ’ m . i . cal  , t h e i r  a b b r e v i a t i o n s  an. 1 cau r ces a re

l ist ed  ‘in Tab le  1. Concent  ‘a I ions  were d e t c ’ r : I . ii d spd:ct : i’cp l :;t ( ‘ I ’V , t l’ (‘‘1’ 1 y

u s i n p e. i I 1 ; _ ’ pull 1 r l c d  e~;t no-  L i on  c o c ff f i c i e at s  ( 2 9 )  or t lo.se j a r ; :  351 0:1

by the su p p l i e r ; p ur i t y  i-, ;~ ,’; a~~~ersed  b y t h i n  b ye :’ c 1 i r c ’r nf l t ’O~:r ,t l a

(25) .  1 1’4 C] Nic ot  i.n a n i d r  adc ’n inc d inu c l . cot i d a  1-:: s La I :a’d 0 .

A m e r s h : ; i e / f t ar ?c : , A r l in g to n  11: i~~la , Ill.  [1~ CJ A i . 1’ , [ lA c ] . .  ( 3 1 ; - i

~1l]  /t t ’ \‘. ru  p’. ’r c ” :, .,aed fro;, 1 l~ -: Eng l. a u ]  t ar ] . :;: 1’ J a r - :  Lan  Na ,

G y r o )  r,:,:i : . 1 1s . p ‘ ‘ .~~~
‘-. .  D~ l, ils of o:ir  ( ‘‘~‘t 0 t O i l ’ ’ ,, ’ as ;:’, ’’

bc e- n r - ~II.l y d c::~~i 1:c-d ( 1 7 ) ; a si i~~L 1 . \ ‘a ;  a-h 1 0 1  ( 1  t t o  l I d  tb ; ? 1.’ ,

u : 1 ( 1  I a ’ t b i s  ‘. ‘ : ‘L .  LoO fl :,: th a  C l i i  0.  i :’’ C ’ ; Cl’  ‘ ‘ - ‘ 01 ‘0’-,’ , “L i i :  I

a ’ ?  ‘ , ‘l :ii aa .1L.  .:e o’,’e ly  La c - c l ] . ’~ i n  I ~b t . . —i :o i l  11 1 0 1 0)

p l a l ’  :.: (ir .1~ ic : ( I a s : - r , ”j e . s)  ;‘ , :t i~’:~’i d p t ’ ’ a i  100 5 0 ’ ’ ’ ’”  ~~ ‘l ,  ; i

f o r  3 1 . Al_ i 1 1 ( 1 -]  C - L t d  (: so La \- .- : 1 c :  t i :  a i y : ’] 0 P .  1 N 1

h y ; ’ Y .~~~
‘ ‘ I  h ’, ( 1 ” ’  -

~~~‘. i oc~ - ‘ --~ - L I ,  :~ a 1 it: : a :; tI (I P i t  P )  I’, - a

0: 11. 0 1  ~~1 I ; ’  I : ]  7 . 2  + 0, 2 p : . ’ , Lo adc ? i t c r  La cc i i : .  ‘i i ) ’,’

3 1 3 ; ’’ ‘1’ - a ,
~ ~~~~~~ 1 ’  : 1- 1  ‘P L~ . : :  I - 1 ‘p, OC ~- 1 a aol  :0’ I ” l ’ c, i I - a:

1’ 1 
~~, j 3 . ‘ l~ ‘00 Pa ( 0 c , : ; ’ ’.l 3 , . ’ , ), , : 1 ’  . 3 - - , ’ ?  -~ I a 15 ‘ 1 3  : I a cc:: t I f , .~ ‘ - - I

cu i t ti ’ , . i’- f : ’ “P 1) Of I l - r i  ‘ I C ’ ) ’ I l C i d i , : ,  i~~- ,  tL ‘aol; - - ,. ‘ l : ’. a-  cc

.1 - ’ - ?  a ( I I  i~ ’~ ~, ,
, 1)31 a l l - ’ 3 ’d ( ‘0  f t  1 1 ’  1 ( 1  ‘‘0 ,, :~ 1 t l i i ’ (‘ 3 ’  ; ‘ I I I  11 1 ’

a l t ’ - ; : 1  i ’ ‘ 1 1 ’ :  u y ’ j ’ y di  0: I 0 ‘ ia (1. 1 N I ( i i i  ~~, p l o t  c ’ a  a - a

D :i I : 3’ I ’ I, p i ’  t o  .1 i t : ;  
~
a ’j  -

~ i t  1 , 1 :‘ o I P (‘ ( ‘ 1 3( 1 1 , 1 1 :  0 I t 1 ’ ’ ’  c ho -  ,. ; 1 a?

:111 ’ ’ ‘ ; :‘. ‘ , ,~~ . I’ , I I I ’ ’ C i ’ , I I’ 3 : 1  1 ‘; 1 ——A 7 ( I
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~~~~~~~~ a t ion  ~~~~~~ The e f f e c t s  of chemicals  on ADP— ribosy l

transfera se act ivity of “a c t i v a t e d ”  PR and DR f r agmen t  A were car r ied

out as previously described (16).

RESULTS

Pr c ’t e c t ’ L o f ’  f ree ’  PE and TI E by aden i u ~ c’ flhl cI eot ic l  C’ f-i . Exoganoi’s

aden i  nc n u cl e o t id o s  prc tec La d ca l l s  f ron :  both  PR an 1 1)11 ab l l i ou ~- l i  ti-Ic

pat ter ;:  of s pe c i f  i . C- .i Lv  vas di f f a I ’Cj l t  fe:  (‘ , 1( ’1l Lc, : : i~ ,. Pr ‘ U C C , t . l ( ’ f l

was d o c - : ’ - clcp ’ndon t  r o d  rel : ‘ at to  t i le  .3 ( 3 . 0 1 1 :  of I a i i ; a r i l : i ; ; ; t c ’  Ch,~~~1l

on the  iiu ’: .leasi Pa - Jidc ’n:t n~ 1I ; :~:ieu t I d a  pa- : - t  u c t  I c a  1) 1 i ’ ~ J a c c ?  1

fro, :;  PP :1: ; dcm 1:o ’ i : a , t u d  in FO C I )  ~ 1’:, ~Yb’ ~~~~~~~ 
1~ - :: ‘a -  l~ ut . 3  

~~~

protc’clb ’ a :l{O:’: i  ( I i  1. i :c s r i , ” :: , ; ’, l , c ’u~ ] O ’ - I a ] d  : : 0 : p F -at  10: - i  j-” -

AlP 3, 0 1 -  t l t ’’c a to i , i ’ ’ tI:’: ’:: 1: 1. 0 ‘, - C ’ O (  I ’ 0 . -
‘ A l t , k . : . 0 / 1 ’. ,. . . N ’  L a  1

a I ow , i - a ’ s-c’:: . a ;  - ] a :~i 1 
~~

- ~,L c a t  C- . It i t  lie: L I - - .‘ a i r : ’  1 (a ‘i .

~ deni . , 1 0 , at  (‘~, ; : : ;  ,a . ‘. c ‘ ‘ r - ’ 1 to  P r , . , :~- -:‘ - L ? - 1  f o r e P3 00 , n t  ;b . .c

Ot cc - LoI n-: c -~ to  l i ft a - ? iI_ a’ t o P  p - 0 . ’. P O ’  3 ’, ’

A l t ] -  ~~~~~~~~ 1I , , t :&  r o l l :  ,‘: i : :~ r-0~~ -an - I t o  1 2  ( I S ) ,  1~’ :‘ : - a c t

bft ’ : 1 t, . I ,1 i e i i  c- , . ’ ,a . - -NI ’,’ ; t i . t ’ :i . :: ta , ir : t l - i  t o  I’ . U I  ~u :

I C ’  UI et c ; ; i ( ’ l : ’ , ,  ;‘, : : - ‘:‘ ‘: - “ - - :  d :  , - ,‘ ~~~~~~~~ -. ~~ ‘ ~ l~ :-

PC , , \‘ C’O - ‘ i )~~~ 
-, ‘h a  :a I a:-: ‘ . ‘: ‘.a 3 ,  (,f it ’ c - c - :; ,‘ I ‘1. 1 . 1 , 1-  (a ‘~~~~

C O I ’ ‘ t e e - i :  - - :  oN I .u a : : ‘ : o  ~~ . a a ’ , c a ( - a - i. :’ r-- p l oh . . - )  . floo~

i’ , ,‘ - 1 a. , ,.o t : ,  t~ a ~ . 1 -  a ( a  : . , a  1; c ‘a I t ,  :.: - : - I t ~‘, - r o i l  .1. a

L- 92  -‘ (.1 Ii). i’ ”  : ,“,‘i t  At lit ,NP .1 1 p - it ‘c I ( cI N - - l I. ) . 1? : :  ,

111 (1-’i
~~. 

1:,) . ~ 1 t b :~~ : li  1 1 ’ , l C L P , ’ 1’~”,a’ee’y ~a ’ i t  1 ~~~~ 0’ 1’ ~ i ’ ’ t O i l

t a p I t - 
, h a t  a c i t :  0 ‘ ‘~~l ’ t It , t i n  ii ’ I . , ,  I ; i : : I p : - ’ : :  ( ‘ o i l :.  d o .  h i  y 1 C a :,  C . .

Pt’ IL  c ’ ‘ 1 1 ~~~~ t 1 , ’ I : . ‘ .0 a’ i h 1 . 1 ’ (1’ ‘ . 1 ‘, ) - /- 1- ia :: nc r  , . 1 ’ , ‘ -I ~ ’o , , ‘

vi i” i- .’ 1’ ha ’, , o f  t a - ’ (  ;i 1 2 -  113 ,11; , , P O ’ ’ i  ‘ ‘ a N I



______________________ - - ‘ - - ‘- - - ‘  ‘---‘---~ ,- —‘-- —-‘--—“_‘—--,-- -‘ 
,__,uI

1

7

Phospha te  oli gomers pr ov ided  some measure of p ro t ec t i on  from

PE and DR . Fi gure  2A Shows the e f f ec t  of .  pyrop h os ; ’i i at e  and

tr i p ol y~diosp har e  on ] ) i ]— chal l  enged h uLa c e l l s .  Al t houg h bo th

compoi- in ds  were :ir t ive , tr  ipo] yp liosp ha he 1,335 0111 y 1/ ]  0 nod
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f’rori : PR ‘‘o n n p p : I r ~ - : t , ho\- ’clvc’ r , in  t h e  nIaj ’ ( - I a~~ (0 ’  , ‘c - , : a i t  C-a L— 9 2~
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to sub s t a n t i a l  cell de a t h .  Tri pol yphosp h i a t e  and th y m i d  Inc  s e p a ra t e l y

provided no p r o t e c t i o n , and toge ther , t h e i r  p r o t ec t iv e  p o t e n t i a l  was not

i n c rc’ast’d - Titus , it appears  that ,  cova len t  a t t a c h m e n t  of t r i po l  yp h aph a  Ic’

to t h e  no’,’ 1 e’onide is tic.a’es sary  for  fu  1 1 exp r c  ss ion  of DE— ’p roi  Oct  Va

a c t i v i t ~~.
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and C pA were not  m e a s u r a b ly d :t f i ’ erent : f r o m  AMP , o f fer i n g  onl y low

level, p ro t ec t i on , as d id  Poly A and l’ oJ . y C. Nd t I t e r  cAM P , (‘( 1N 11

nor t h e i r  d i b u t yt ’ y l. d e r i v a t i v e s  gave n t c ’a s u r a b ] c ’  p r o t e ct i o n , nor  d i d  I l i a

phosp lao d 1 C s t e i ’o a inhi .i h~~t i i ’ , t l~eop hiyi . 1 ij ic - , cit I:’ ‘r alone  or in  comb i n ot  i on

w i t h  the  cyci  Ic  coui 3 )ound s (do La n o t  s i l a W n  )

Par t  I) I isis (‘ nr .ip oundl l-3 i i c ’ t  cony_ an  I c ’nt ’l y c -‘a,;’ I IL-P i n onc ’ o r
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of cytotoxi.c activi ! y. ATI’ acldi .t ion  to ccl Is , i f t e r  v ar i o u s  p er i o d s ;

of t ox in  chal , I c~nge i’e: ;mil  ted in rap idl y dc ’cr eaoing  p i n t  c a t  lye

pot&’nti :1 wi tl~ incm ’c’a oing c :hal . 100 ; ’ ’’  t ime . In as I i t t  J o  as 1/2 hour ,

a mark ed  r c’duc:tion in apparent pr o t o c  L i v e  pot c ’nt  lal Wa: : observed

(clos;ed c: Ira ’ los ) and by 3 h , no n., ;‘surabi a prot&’c t i _ a l l  e c u  12 be

oh t a i n c c ? . P l o t t e d  an  a ::aai . log f a s hi on , I I ’c S ( i  2~~t ’n cl :11 0 ’ i t  ; i p 7 n a ’ (  a ’ .

f i r a t - ’ o r . t a :  I i. : a L l i ’:, e~~a’.’;, t. i a i I y  111 :_a t I i : ’ : - - ’ c,b t~~ ) r ,-:’d C ’ 3 ~~~~0 N:c _a~’ ? l
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excesses of t h e  c o r r e s p o n d i ng  un l abe l ed  compounds .  Mor eover , in a - -

con t ras t  to t h e i r  var-led protective 1)otdmICieS (see Fi g .  1), the “ 
-

binding levels: of all three nuc ]  eotides were es’s_ant ‘La] ly t i a c  same -

Elf: ~~! ‘: c~f 1l31(’lCOL i - I _ as  on AD1~~ t 1 :1131: I i ’r n s ’ :.; - .‘L  I a’ I t v .  ‘11,:’ e f f e c t s

of ad c :n in e , a d on i nc n c ’c l e o t . i d a’; .; , afld] a d a-n o s i t ’~e i - a ’  OF,— and  CE f r n t ’ , :; ;an t

!~— c : t~:i ’/ ’0c ’o r lt liisy i a t  Ic.:;: l : ; : ’o:  b c & ’ i ,  p l ’c ’vi oc: l i I )’ 0, ::;: ” hi c - d ( t O , 3 2 ) .
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1

,: I ‘‘;~~~~1 H n : :y i  :3 :  l i c - , , :a ’cI c ht ’;; i ’  Ia- : .0 1.1 s. ,~O:: I i I LIL I ~ o l , ’

~:ji :;il:i , 1, - i  t i : . ’ . .a i a ~~,’ .’ t . .’2 f ; ,  ]) L c;nP 1;,, f o o t . :’ . “ - i  i’ , i . e ..  i : : I . .N: i t - : ’ a a ’
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C;’ i n - , , - ?  a - f  i ; ’ P ’ I , N  I i ’ : ,  fl ; a -  : : : 5  0 0 ’ ! :. .’ I I -  1. 11, 1. :3~~ : , 3 ( - 3 ~- ‘ .
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Most convincing are the data showing that all the nucleotide

tr i phosp hates have P E—protc e t ive  potenc ies  identical  to that of

tri pol yp hqs .pha te (Fig.  3B) . This , coup led with the fact  that none

of the tes t ed com pounds exhibi t ed FE pr otection at concentrations

< 1 mM , imp lies a more nonspecific effect : than that responsible

for DE prot :ection .

The oi , : :e rvat ioo  that ,  n u c i c o t i d en  and phosp h a t e  ol igon ie r s  wil.1

pro tec t  L—929 , bu t  not HeLa , cc] I s  f r a l - - FE ;ic.y i n d i ca t e  t h at  t h e r e  is

more than one mc,’ahi a ni s rn by ~.-i:: Cit  PC a nt  c’rs t he ccli and is “act ivated -
“

Support for this proposal Oxi :‘t S I n  t % a  c’ c. :::ons[ r a t  i on  tha t t h e  in

v i t ro  r ih a s y lat ion  act  l v i  to  of i t  a’:av h_ a l : ; o r ICa d ] y inurc a sed  in two

d i f f e r e n t  manners , by t reat  l:’a3i witi: d~ n at u r ;- ,nt  and r e du c tan t  ( 14)

or by f i c i  gmon t : a t- i o n  (31) .  1’; : . , ’ 111 y p l l ; ’s l ’ l i a t ’ cS a r e  abl a’ to b ion ic

‘ oni. y one of these “:i’~ t ’ i v; i t ,h ’i ’, a :c1~ i i i  i::::: s ‘‘ ( i f  c i t ] : .  a’ occur  it ’, v i v a )

and thus  protect c-a l v  tin’ ct’] 1 line f o r  i d ,  i~~li t h a t  i - a r t .  icuI . aa’

inechn’ai srn of int o :- . C’. - L i  on i :: ,‘;‘,. a l - i c . In any case , it is cia ’a

t h a t  i :h ,cc choice of c c l i  1 i t ’ t’ i :;:y he ci i t ’ : ‘,c i l  in  s t u d  i a - s  of t h i s

t y p e , s I’ : - ’ a’ L—929  I : ;  the o n ly  uri c of S u V a . 1  i ’E—r t ’sponc . 1 ye l i nes

ex am ined i-P I cli w,aa }-cct t a t  ad by nua -  I c ’’’t . :1 c’s whi l  a’ a l l  DE—rc spon s  I ye

lines 3-~o’a’. Ind _ a c ..l , i n  our  r i - c en t l y p u b )  ia ’I ie d ci~ i:i ic ’al. and d r u g

p l ’o tec t . i aia s t u d y  (16)  , wa usod on] v Ucl a 1-IE p— 2 ce l l s , bo th

r e lat iv c : ly  i ns cn s i l  ive to PE . 1-ic’ l iav c ’ H n a ’  r e i n ve st i g a ted  t h e

drugs  t est ed  in t h a t  work “~~ ‘~t ; h i ghl y P 11--sensit ive  T , — 929  cells

and obL~t na -cl c on ip ar a bie  rc ’sul Is in  nc ’ar .l v all cases. The single

except ion , N II 4 C1 , i ’ : : _ a  a b l e  to p r a t t - a t  L— 92 9 , but  not  u cLa or hl l In — 2

cel],s f rom t i t ( ’  Cy I a ’t ’ a a i a ’ a C t i c i l  of l’E .

. . , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _
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Al though at h i gh concentrations , phospha tes a lon e  can pr ovide

protection f r o m  DE as well a:: from FE. (Figs. 2A and Ii), tile

chnracicr i.stics of nucleotid e protectio~’c from DE .ira signC’icn ntJ . y

di  f fe r ’a ’LIL  . There 1: a s p e c i f i c i t y  of thic ’  n i ti ’ogenac ;s base fo :

pr~ t oo  Live  p a t e n c y .  C’fi’ , f o r  examp le , 1:10 not  si 6 i Ii  c a n t l  a

dil i a  ‘ ‘an t  f r _ a m t o 2 , -~~l,y p ] i o a ; - ) . too in pr at-’ cI. i . -.’n a ct . i v i t a ’ , ~.‘ 1 i i i ,  T’~ I’

- : wa: a t  i . c ’aat  2 0” fo !d  more  :;c t i-,:’ . Surpi’iainp,I y, in  v i a ’..’ of l l . a -

d c’: . ’ di .l’1, ’co ’a;-ac:  .2: p 0 1 _ c ”. - - l a s  of the  coo ‘a n  pu: ’:i : . c  a n 3  p r  I : .  - 3  c i ’ ’

nucI ~~~ 
- 1_ a I. y : in la , : :~ ] ) ; ; t ’a0 ~ a l ;  : 1 0 0 1  SLX1O,L t t ’ t ] O f l :  c ’ : ,  t h e  bans’  2 . ’ ‘01

de t a .  I a l a t .; al t ’ a ’ l i t _ a  U I ’ - .j : r : - t  oc t  I ’ -,’;: p a l  . :cay re l ; :t i ” a  to t i  
~~

,

‘ I: (‘i ’.:bl a 2 )  l i ar ’  ‘o v a ’  1.lot’ c .’ a a y  a-: . , s aot  al l ’  a” V . 2  l~-

r i i :ose a : i ’ . i t  c :1I ’ : :’ p ; ’o t ’. s ‘. , ii ’ - ’ ’  :0 i n 1: t II: .t

i n !  I I ’. - . ’ t I - : ’  I ; . ’ - sic , I to : Ly p; ~‘2 : a t 1 ’ ;  - : 0  : ‘ a t  :1: - - a :  a’: t ’ . i t i  [i y

infl:o;: ‘a p ” o t ’  a ’ t . -:~ - l , ’ a e l .  ‘1:0: 2 ’n~, t . P c f  tb _ a  flc: .’ I ’ . ’ a I  .2’ a: ‘~~~~, .

c l o t . ;: I :  x a c : . ’ ‘i ; t ;  : 3  :1’ :1:: a ’ ,a : ,  da . ::: ’ : c i i c , : t , ,; a F i t : .  2’ . ~f6~~: 
- a

~~~‘c ’ i ’J i . . ’3- , ‘- c :” ’ . a t :  i~ p: ” ; - ‘ ; : - ,:‘ ,‘ cI - C r 0 , )  n~, ‘L I I .  a .: I n  1 a: - , ’, I I ’

uca :  J : , i  a . : - : -  2 I i , - , ’ c ’ : ’ : -  I a f~ ca ’ ‘1: - ; .;; ’ i i  - 1 c o .  ‘J’ j : i  S ] I - - ‘ a n  a . , : :  C

u ‘c ’ ’ ‘, - 2 -.: I [P t oo ; -  I n :  , N , ; , I ;_ a  n - : : c  :0’ , ‘ad a ’ 1 1 : ’ ,’ aa- .-~ I ’  a t  .1 : 3

( ‘Ia a: — a ‘, 0 . ,‘.,-
~~: ) . 3’ a - - - a  I a : :  a, ’ - : 1 - : a c ’ :  a ] . ,  a , I n  .2  1 ‘ 3 ;  : i .  •

,‘ :- . 0; 2 -

or t r ’ ’c I : . , ’ . i i : , : :~~~; . ‘-~ I 1 : a t , ;; . ’~~- ’ ,:a i , .  j ’ O ; - I . C C t i : i :  1 : _ a .  0

1; :3 ; : ‘- a  a ’ ; - .’ ‘ , : ‘ . ; : , .O  ~~ ‘ ,I . ;  , .: c it : - - I a:’ ‘ ac ‘L I  - 
. -

(11) 1 , , , 
I , , ’. a :

1 3  0 :1 0.: I ! :  I j  - I  :, ‘ ~~,:‘,‘ - : , ‘ . ‘ ) ‘ : . ‘ - : ‘ “ ~~~~ tT \‘ a - : I  l c . ~ I i ,  - .~~ - 1 : i i  - ‘ ‘“I i ~; a , ’

pta  H I  ‘ a: I~~, :  I ’  C . : : . ]  :0 I. : ’, i :  a t ’ ’  a ~~
- - - I , - , : : . I a t  I ’ :  Ia;-

I ’ ,’ ‘ I -  c - ~
- , : :  I ’ :  , : t , - ‘‘ ‘‘: ‘::, ; - . t  I ’ ’~ 

, 3, I ‘ :. ‘ ,~ ‘
1 ) ,  .\- ~ ‘ 4~~: ; . :  - .‘- - - u’ -

o f  1’l~’. ; , a : I F~t T I i t  . ,. , ‘ a t .  I , ‘ ‘ -  1 : .  ‘ a ’ 3: ’ a ‘ I I - 1 ,‘. 
‘ 

- I I ’ ’ . : : : ~~ i’ 5 ’. ’ a

;‘c t a’ i . A 2 3 ’ s ’ :’ 1, 2: a I I  a t~~~ I ‘ 
“ 

~~
‘ : ‘‘ ‘ p h . I t ’ : : “ d  I , ,

-~~~~



- . ----- 
~~

- --- 
~~~~~~~~~~~~~~~~~~~~~~ 

.- - - .

14

e f f e c t s  on t o x i n— c a t a l yzed r i b o sy lat ion  dem o n s t r a t e d  r a t he r  s i m i l a r ,

probab] y nonspe c -i fi c i nh ib  i t  ion  (F ig .. 7 )  .. h owever , a s su m i n g  t l i n t

i n h i b i t i o n  of ribosy lation it: roughl y pr o V~ort ional to prota’;’t lot , of

ce]. i s, it wc’ul 2 r e q u i r e  i nt r : t c ’ :’ii . u l a r  pyr o— or tripol vp h i a t : p h.: I a

concent;’:: Li otis of 5 :1’) or great r t o  no c ou n t  for  (- h i t :  c ’bn c ’rv ed pa ’ ; - t ’ a;’ L ive

e f f e c t  . it seems a:.. t re:::-a’l.y us] .1_ ] ‘‘.1 y t l a : , t  cul . t - . t r ed  ce l l  s a t - : : !  ci n a I l ;  I a a c

sc’clt h i i 1- , ] i Ln t r ,’:ce l I a : ] : . ;’ conc c :u l t a ’ : : t i ; . n s .  F ua ’ l . l , _ a r , .- , , i t  , n a ’ i L h i e i ’  I i :  -

cao.p ou ;- d - r - : . t ’ _ a C l. . S fla t ,:’ cel ls  f t t : , :  123 , a l Ll ”i l - l l  b o t i i  a :’f a ’a t ivc l  ~‘

pr ’e\’c’n t FE i n L o x i c ; - 1_  i on . S in c e  p r ev ious  at  , : t  ia ’s  Iaa ’a a i a : : . I c at ’d

t h a t  i l ’ — 2 f ,  ~~~~ all  a’ :-l. l sue: ,’- :  ‘; .2; r L - ’r~ ’l~~- .1 si:,’.i ‘i , . , ’ l’,’ 3 :’,’ h o !] ;

t O~0 0 0  (5 , 1.2) ,  it  fc’ t . !r a::: L i c o l  a h i _ a o l :  of cv ’, :- t a a . t c ’ i t v  at  t l i a  IC’’:.

of r l I : - .” yi :; i ‘i. t . - . .  al a - t at 2 a f f ec t :  but ’ ] ’. to o : i ’ aa  1 ,; t l , ’ s,.:: - :: .r ,,l -: a’ . Sifl-..ft-

such  2, sa l  th:c .  a n n a ’  i i :  Fat ,; : cc - l i. : . , ii: ~ l’ h ’ai ;t , l. ’.’ a:’: 1 IC-a l l’ t’i . : t .  I t o-

p l : - .’a~’h:’:I ’ ’: a’ - - - -~~~; ;- . . 1 a I ’;: ’ t a t  r ; ’ 1 7 t ;  1- . - ’ 3 : 1 : 1’ i t 1 a~ in r i o: r M ’  0’ l o t  3 ..:::.

Sc o t :  a: , I l o t - n i  a: L i ,  ‘ :. t; I n : v  , -a r i  ~. .0 1 1 : ;  3 ‘p ’ , - a- ’u - : a c -  I a - a ’

l , ’: l a i , : . - t ’ ’ , . H  ‘ a ’  ~~f ’ce( ’ L ;J  - a t 1:0’, t i ’ , c - e l i  ;:.. ‘,. :l ’ : ’: :na s. R.,: d i ; , ’i. L

a:. :; : . 1 : 1 : , ’ ( 2 - 1- - O S ) , , Pc- ; ’ c : , l  t , ’I : (: .; , , : . I .
~.: :: co::’ ’ t r ’ , O  1 , 3 c c  a: ’- : i : : 1H -1. 1

b i : h n 33  ‘~f O 1 I ; a : , l , :: I , - c i ’I . I ::. . I ; ’: : : ; a _a ; 1. ’M :, t ’, : i t ’ . - . ‘ t  ( 1’) ) ( 3 , ” : 0 ‘0 0. t a ’’l

in l ’Ll , . I ;  i of t to. 1 . 1 : 1 1 : ;p  of  H , , : Iy a - ’ :i ’ ,, .. , a I . :t : :  1. ’ -  t I  I “ a . ’ - : , ,

rca t ’p d O . ~ , I a ’ . . -- p ’~ 
i -  - , a p - -- 1 : ’ ; - , - . ‘ ft at -  U l a : . . In  : a’, : : 1 ’; ;: .  , 0’

‘1.2-i ; : : a , ; . , .; (21 :)  j , - , , ,  t a :1 , “a ’f’, : ’ . - - . ‘ :u ’-;:l i::-[ I ,lao - - : : l i , : ,  ‘ a ~
‘ ‘i 1: _ a 1’ ’ 2 . -, ’ . 3 ’

1ft 1 ’ f t : a ; ’, , , - ’ : . ad : ., I’ C i. :: 3. , : - ; -  .- . . 
— 
, - 2 01 1 3  - - ‘ : .l 1’ . ‘ c ’ i : ‘ : ‘ ‘ r ca ;  i ,,u, a - ‘ .a

a 1 so i,; , - : 1 . 3 0 , ,’. : — a i r a- I . ; i , . : ,  I :‘;‘O 12 . - a 3 H - - :  , - 0 .  ‘ a ct  a,,’: - - , a ’

i t  - ;t I 1 : 1  I 1 : : -  a n ,  I - ‘ i ’ .‘ : i i ; i : ’ , ’ f t S  ,‘ - ‘ :1 t ‘ : ‘ c ’ ‘ a . .  - - ;, . 1 1 : ‘: :  a. - I : , (.01)

S i ; - : 1 . . 3 i’ , CCC ’~ ~~ ‘~~ 
- : 1 : - ’ , - -c . ’ ’ . 0 . , ;  - : ‘ ‘ ; ‘ a . -1 1 : 1 : ’: 1t1 ,

~ 
0 . _ a  , , : -

a .  t I a d ’ ’ :  :a; I I’ 3. - . (“ : a I ’  - :  - ‘2 3 : -
; : 0 ’ 1 - ’ . I I - c . ;  . 1  I ; , : : : )

\ ‘ ( ‘ : .  I - I . ‘ Ic ’: ‘‘ I ,  a. -
‘ - I ,‘ ,o’ a 1 i ’. ’ ‘ - 1 ; :  : : -  a I :  - : ‘ : ‘ ‘ ‘ ; - _ a . - ’ ’ ’. 1. - .
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found that. exogenous /tT) ’ aced er : it od  ph agocy t os ’is and eel l ula r  s p r e a d i n g

of guinea p i g macrOp hi : I ] Ie :a . More rc’contl y1 it has been shown t ha t

exogenous A l l ’  may b r i t i g  ab ou t  a con t orm:a t Joan ] . change  in  t he

dependent  ATPasi ’  of t lit ’ : :;ircop l - ‘ ‘.1 : :  I c  r e t i  a u l  Ii ; , :  (3) . 3 - Ic final this

work pa r t  i t .’ i i l a r ] y  -int - - a i .’SL l u g  s i n  a- c a- have  Qvlcl : : f lca ’  i :’ j i l  i c a i t i n g

*1’ ‘H- 
‘ . , -t h e  Ca ~~-

, Li 1: , --- d c :p oa la  : ,t  A’] h’ ;ia , .’ in IF: i i it c ,” : ic ’ : , t  .001 (1. 6 ) .

T h e  i : - ’ ’2’. ao 1 :;i c o t  ‘ ‘ I s  i ’ a ’ o p :n i : : ’i P l c  f o r  i: ’ : I c _ a t  i d _ a  ~a rc ’~ a c t ’ c ’n

f a - i - . ,i liE ai’~ u - ; ” :.’ l c ’ :  . a l - : :  I i ’ ., t ; . l . i . I O I  :[~ :- -. ..~ - ‘ . ‘1 ; ,, i, ta ,> :ir-’’:” 1 -- - H c  i i ’.

t h . :t p; ::1. c ; - I  [dc ’: d I d  n ot  ]. ‘ rc- l c:c. t 12 Ii .:: c t - ’Li ~ f a . ’: FE or V t ; ; ’ 3 ; i a n t  t - . ’ I

abr n (: i . i t . : .  3 ’ :.. , . :J ;a ’a . . :) .  It a _ ac - i . e :, n I t a l y Lt : : . 2  a sisa l i - ’ I J - l . ‘nc - . l a i  c l

i n h i i i , ’ i t i.oa - a] ’ i i . t r a e c : l i i - 2 : . c :‘.l ’l -asy !. :-. ’i:. :: J t - , , c , .~ .;ri :—. i l ’- l c -  1n: t I - -

i .r ~~~’ t t . i , :’:i 1 :_ a ; , - DI ’ . Ta. ’ I 0 ’t tc ’a; s it  0?] i ,u l :a c j O ’ c - ’ c a l l - a .

( ‘, : . t ’  5 /. , j ) ,‘. i : t - ’ a’ At -I - ) a 
~~~~~~ l c . ~~~~~~~~ O~ 0 :O . . . to  0 0

p: i t  ‘ :  ‘:: I n c  .2 . 1 ;  ‘ 1 . - i  ‘0 I; i :  O f  a 1; a a 2- ”r l  ‘ : I . j  a ’ : ( 1 ) )  . I. . : .0’- C : ., : ”

s i r - -.. . it .1, : 
~
‘ ,  :,s’i ;, l y 1 a l , ‘ ‘, ‘ .::l t i a : t  a~ a . - l ~~ a ’ t : c -  ‘ : 1 - -  i - - V  a-: a: a .-

(~f t . 11 ::‘. ‘. . : . b a ; : i - ,’ , LI ’ ,, ( ‘ a ‘, ‘ : : . - . C ’ I . ,’a~~ - ‘ I ; ’ of i : ;’ i . : - , . ’ , : [P s ,, : 2 . - I d

ji. ::..:’O ,”C: ‘11 - ’ t o  L i ’ ;  ac l : c ’ : - - ~(: ,‘ ;~~~‘ ‘ - . ‘2 ; . , , . , t l . a ’  2 . ’ . :0’ C l  fl~ l , a.~ 1 i _ _ I , ’

,r ct . ‘ an 1:: t ’roi .- : - l L I : - ’ c I i  - 1, :0 :1’  ; ‘I  l i t : ’  a , I

J u t ;  :~~~, : IC. C _ I : :  0 1  : I ; o 0  a :
‘ ‘ : ‘; t  c 1 ; :  1

,

I
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